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ABSTRACT 1 

The purpose of this study was to relate! children's 
cognitive processing capabilities and their grade lev6L- to their 
performance and to the strategies they usfed when working addition and 
subtraction problems. From Jtwo 'sets of data which assessed memory 

six groups of children 
For a 

and 3 were 

selected and interviewed as they worked a set of addition and \ 
subtraction 4 profii^ms^ Each child was interviewed on *hree occasions. 
Each interview consisted of six tasks given under four of six % ^ 
conditions. Codes/fpr three, or four categories were assigned to each 
child's response: model used, correctness, strategy, error* and if 
incorrect. These *da*ta were then summarised in terms of- percent 
correct and general strategy. F6r both percent correct and strategy 
used, there were important variations? due to problem Set (size of 
number), to specific task, to instruction over time, and to grade. 
However, what is ■ clear is that children- who differ in cognitive 
processing capacity consistently performed differently regardless of 
the other important, factors. (Authdr/MP) c . * . . ~ 
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* * Abstract 

This paper reports the results of tjie third of a series of collaborative 
studies examining how jjoung children acquire the skills to represent, and 
solve verbal addition and subtraction problems. The purpose of this 
study-' was to relate -children^ cognitive proce§sing capabilities and 
their grade level to their performance ancl to the strategies they used 
wlien working -addition and subtraction problems. 

From two sets of data ^which * assessed memory capaaity and cognitive pro- 
cessing capacities, we identified six groups of children with different 
specific cognitive characteristics. For a sample of £4,. children in * 
five' classes at Grades 1, 2, and. 3 were selectednafia* interviewed as they 
worked a set of addition and subtraction problems. Each child wa^ inter- 
viewed on three occasions. Each intetview consisted of six tasks Igiven 
under four of six conditions. Cpdes for three* or four categories were 
assigned to eath chiles response: model used, correctness, strategy, 
error, and if incorrect^. . These data were then summarized in terms x>f 
percent correct and general strategy. • ■ 

t * * *" \ \ 

For both percent correct and strategy used, there were, important varia- 
tions due to mrobiem set (size of number), to specific task, to instruction 
over time, and 'grade. However $ what is clear is that children who differ 
in cognitive processing capacity consistently, performed differently regard- 
less of the other important factors. 



,xi 



This paper reports the results from one of a series of related, 
collaborative studies carried^ out in Sandy* Bay, Tasmania, Australia, 

v in 1979 and 1980. In those 'studies, we examined 4 Jiow young children* 
acquire the skills to represent and solve a variety of verbal addition 

'and subtraction problems. We assumed that the evolut^ion'of children's 
perf ojnnance on addition and subtraction tasks must be related *both\ to 

* their cognitive^ abilities and to their engagement in related instruc- 
tional activities. . The purpose of the study reported in this paper * 

I ^ - 

was to* relate the children's cognitive capacity and their grade level 

• * * ' * o * » c 
to their performance and to the strategies they used when working • • 

&, . ' -\ 

Addition and subtraction problems. - ^--T* - *"" 

The : Coll/borative Studies 

This series of studies^wag^jointly funded by the Research Committee 
of the Graduate S&hdol at the University. of Wisconsin, the University 
of Wigcpilsiir Research and Development Center for Individualized Schooling, 
.and the University of Tasmania. t The principal investigators of the 
studies brought different backgrounds and skills to this collaborative 
.effort. The identification of cognitive abilities grows out of Professor 
CollJV extensive worfc In cognitive development (for example, seeColJUs & 

Biggs, 1979). The classroom engagement ideas stem from Professor Romberg 1 

■ - * *? 

* * *> 

research on teaching (see Romberg, Small, & Capnahan, 1979) * 
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The strategy .adopted for the sequence of collaborative studies has 
five, steps: i K • 

L. Identify ,t M-space ,f for a population of children, of ages 4-8. 

2, .Identify "cognitive processing capabilities" for the same set 4 
of children, 9 

'.3,. From (1) and (2) identify a well- defined set of children with 
specific cognitive characteristics. 
*t F * om (3) identify /a .sample of children and observe their engag£- 

y * ment in instructional activities on related tasks fo£ three months. 

t 5. Repeatedly measure,, on three occasions over the three month 
period, the* sample's performance and note the strategies they use with 
addition and subtract ioiTpxoBtma^^^ 

This procedure will allow us to relat^pSr|ormaace at a given time 
(in terms of level achieved and st^ategyyidopted) to Ufe-Ahild 1 s cognitive 
capability .and to specif ic set of instructional activities the chlld^has 

been engaged with. In this way, we can consider various questions about 

» 

change in performance and strategy ;an<J tfceir possible causes. 

* <c=» ' t w 

This Study X ' 9 

The importance of knowing how children fcearn.the concepts of procedures 
- of addition and subtraction should be self-evident. Also,' it is frequently 
assumed that children must first master those computational skills, and. 
then begin to sopre addition and subtraction problems. However it has 
been clearly/demonstrated that children develop a variety" of strategies 
for solving mathematical problems independent of instruction (c.f... 
Ginshurg, 1977; Re snick, 197S; Carpenter, & Moser, 1979). In fact, many 
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% •» 

of the strategies they use are more sophisticated and demonstrate mofe 

\ : .'*.'• ' • ' 

insight than the procedures that are taught. This raises questions 

about the relationships .of children' s instructional experience and * 
«their capacity to their performance and their .selection of strategies. 
f The population of children examined in the previous studies in 
this series (Romberg & Collis, 1980a; 1980b) were clinically interviewed 
on three occasions over a three month period .in 1980 (February 27-29, 
April 9-rll, and May 26-28). In each interview, , a set of verbal problems 
was given to edch student. Each child f ;s performance and strategies were 
coded by the interviewer. This report presents the data from those ' 

' • : . if 1 • 

ihtprviews. 7 ' — - — ^ — 



Cognitive Capacity \ / 

To identify children with differing cognitive capacities, a three- 

* % - 

step procedure was followed. First, we identified memory capacity * 

(M-space) for a population of children of ages 4-8 (Romberg & Collis, 

/ . ■ • 

1980a). /Four M-spape tests jwere administered. 

I ^ * ' . . I 

Second, we identified cpgnitive processing capabilities for the 

same s6t^of children;, (Romberg & Collis, 1980b). Fifteen different tests 



were givaa. From a factor analysisi of those scores, a quantitative 

factor, a I qualitative correspondence factor, and a logical reasoning 

\ 

factor were identified. 1 • 

^Third, from both sets of data,^we identified six groups of children 
with Hifferent specific cognitive charact eristics. A cluster analysis 
procedure was used to group the children. * 

Cognitive Level 1 children operate at M-space Level 1, are capable 



• of handling, qualitative comparisons -and transformations at a iribderate 

* level; and are incapable of dealing ^itfTquantitative tasks or logical 
- reasogirffel Cognitive "Level* 2 children operate at M-space Level 2, 

handle. qualitative correspondence C^sks, ^nd cannot handle quantitative 

" ■ . 9 m S Y / \ - . , . *• . v - 

and lojgical skills (but were considerably better than Group 1 on all , 
tasks) ^ Cognitive Level .3 children also opiate at M-spa^e Level 2, 

-^re high on qualitative correspondence, have developed the specific 
counting 1 skills of ^ounting-on and counting-back, are inadequate in 
their use of those* counting skills on transitive reasoning, and ejce 
inadequate on logical' reasoning. Cognitive Level 4 children operate 

^at— M--spaceTevel 3, "are hf gh* on qualitative .correspondence and all the 

quantitative tests;, but are inadequate on the logical reasoning test. 

Cognitive Levels 5 and 6 are at M-^pace Levels 3 and 4. -They reach the 

ceiling i on the jqualitatiye correspondence tests, have very high scores 

onfall the quantitative tests, and also are high on logical reasoning. 

Because tliese latter two groups were l>oth small, included only. 

third gra9er% and displayed no differences in cognitive processing 

scores, the interview data* for these groups have been combined. The 
* 

number of children selected to be interviewed in each group of children 
for each grade is shown in Table 1. Our intent was to have a sample of 
two to four students from each cognitive level. We began w;Lth rosters 
of students from each grade* and their cojgnitlve level. Then an initial 
selection of students was made. However, after school began, some." 
students originally inline class were switched to another. The student's 
by cognitive leve^ and class in this study are shown in Table 1. 
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Children, in -Each Cluster Group in Each Cla§s 



Sc-dy Bay "Infant School Waimea Heights Primary School 

Cognitive . j * Class > •* ' 

Level '- ' . i • 2 v 3 ^ 4. , 5 





Grade 1 


v' -\ ■* — — 

.Grade- 2 


.. Grade 3 


v Grade; 3 ■ 


Grade 3 
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;3 " * 
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• 0 
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i ; 
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2 ', 


■2 


0 j- 
' * 3 '* 
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4 
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0 
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5,6 


i 0 
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* 3 


l' 


"3 


Totals 

"v 
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10 


7 * 
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■ 11 


. 9 



-j--" 
A.. 



Interview Tasks ' ' 

An Interview consisted o£ six problem types *(tasks) given under four 
of six conditions. The six types included two ? problems solvable by addi- 
tion of the two given numbers and four problems solvable by subtraction 
of the two given number*. Th£ characterization for these sipc problem' 
types is detailed in Moser, (1979) and in Carpenter and Moser (1979). 

Table 2 presents representative problems in the order in which the 
problems were administered to the children. The actual wording for each , 

pyoblem type differed in the four conditions^ but the semantic structure 

*$? 

remained constant. . * o 
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Within each«problem, two of thtee numbers from a number triple (x, 
^ 3) defined by a? 1/ * X < J/ < w 3,' Vere given. In the two addition 
problems or, * y yere presented, with the smaller number a? always' given 
first* la the' four qjjhtraction problems, z and 'the larger 4 addend* y 
were presented. ine^o:de'r of presentation of y and varied among, prob^ 



lem types. 



/ . The six problem types used wer^px:esented under six conditions* Four 
conditions result from crossing smaller- numbers vs^ larger numbers With - 
presence vs. absence of manipulative materials,. Figufe 1 shows these 

four conditions with the labels .assigned to them/ In the smaller number 

*^ - . 9 - - ^ 

■ } 

problems (the^'B" problems), t .e addition guideline of 5 £ a £ 9 was 
imposed. In the larger number problems (the - "C" problems) the restr'ic- 

tion on the sum was 11 <_ x ± 15* % *• 

* - 4 ' ' . v • ; 

For. the interviews with third grade children, -the domain, of 2-digit 

v • • - 7 - j *_>--- 

numbers was included. In the 2-digit domain, two sub^domains were identi- 

- _ 5 * • * * 

fied. In the first no Regrouping (borrowing^ or carrying) is require^ to 
determine a difference or sum when a % computational algorithm is used. In 
the second otibrdomain, regrouping isrrequired. The no regrouping set is 
called the "D ,f problem Wt while the* regrouping set is referred to as - 
the fl £" problems. For thfc two-digit problems, the sum £ is restricted 1 
to numbers in the 20s and 30s. All third-grade children took the C, 
D» and E.,pigblems. ;" \ " , , ' , . * 
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Interview Method ^ - * 1 

Three trained interviewers (see Martin & Moser, 1950, for details 
of interviewer training and reliability) administered the interviews. 0 

/ : • / - - V it '* . 
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.TaHe 2 
Representative Problem Types 



Task 1. .Joining (Addition) 



Task 2. Separating ^(Subtraction) 



r 



Task 3. 



Task A. 



Part-Part-Whble 
tfissing addend * (Subtrac- 
tion) V . * '■ - V . ^' 

Part-Part-Whole \ 
(Addition) 



Task 5. Comparison (Subtraction) 



Task 6. Joining Missing Addend 
(Subtraction) 



Pam had 3 shells. Her brother gave 
her 6 mo r^ shells. How many shells' 
did Fanu have altogether? 

Jenny hkd 7 erasers. She gave 5 
erasers £o /Ben. How many erasers • 
did Jenny W left? 

There are 5 fish in a bowl. 3 are** 
striped and th^rest are* spotted, 
Ho.w many! spotted fish arfe^ in the n 

.bowl? • ^ 

' \~ v * 

. Mat£ has 2 baseball cards; / He also 

* has 4 f ootball <jar4g*' Hoy many cards 
does Matt -have, altogether? * > 

* Ahgie tia3 4 lady jbugs. Her brotlfer 
Todd has 7 lady bugs. * Hpw-many more 
lady bugs doqs Todd have than; Angie? 

* Gene has, 5 marshmallows. How many * 
more marshmailows jdoes he have to put 
with th^ so he has 8 marshmallows - 
altogether? J . - ; 



NuAber Size 



- * t 


. smaller 


larger 


_ Presence of * with 


V B+ 


c+ 


^ni^atives 


__ - 1 ~ - - - 




- without 




c- . 









Figurfc IV Conditions for ^ nonsymboli<> problem types. 



1 ' • ' / . 

8* I \ ' % 

One interviewed worked at Sgndy Bay Inferit School and the othex? two at 

\ ' *> \ ' \ . I 

Waimea' Heights Primary School. Each interviewer was able to -conduct 

** - * * ,» * * , * 

8 to 12 interviews in a day. depending on the schools 1 schedules and 

-I, ■ . .. , - ■ >■ ■ • ■ 

on the task level. (Level C tasks took longer than Level B tasks.) 
At the schools, the interviewers were assigned interview areas, which, 
. for the most part, were quiet rooms separate fnom distracting activities* 
The verbal tasks were read and reread fco the child as often as necessary & 
so 'that remembering the given numbers or relationships caused no diffi- 
culty. .An individual ■ interview required two sessions, one for the B - 
tasks and the other for G tasks (or one foif the C and the other for 
D arid E). The ' sessions lasted 15-25 jninutes each, with each child 
receiving the same sequence of problems. No child was interviewed 
twice -in one day . 

C oding Subject Responses 

^'All of the possible codings of student Responses are presented in 
detafh in Cooksbn ind Moser (1S80). Only a .brief description is pre- 

... H 

1 6 t 

sented here. ' The coding sheet upon which responses were recorded is 

i - ■ 5 - * * 

* * ■ - - 

• shown in Figure 2. Three or four elements were*coded for' each. child* 

model used, correctness, strategy, and if incorrect, error.. The 

~*-?--- - - * * t ' * , 

cpdes used were'; 

" . ' \ » 

Model * . 

C The child used cubes to model (all or part of) the problem • 

* -- - . ' . •* 

F _ The child used fingers to model. 

* • . j " * 

N The child used'no physical model/ % 

0 The child used some other physical model, such as chairs, 
numerals on a clock face. * 
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Figure 2. Electronically scored interviewer coding sheet. 
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The\ child writes a, horizontal addition Sentence, 
The Vhild .writes a v vertical addition sentence.' 
The c\ild writ 



ttjes tally marks. 



■ The. child writes a horizontal' subtraction sentencg.y 



The c^ild draws a picture (or quasi-picture) . 
The child dravs an organizing bpx. * 
The child writes ntjmbersl * 



V~ The chiTd writes a vertical subtraction sentence. 
P 

'j. 

B . 
# 

Correctness * « , 

■ ■ ' y • * * " ■ \ 

Y The answer was correct. . ^ ' • „ ~ , 

H The answer was -not, correct. • ' ■ , s 

* UN Uncodable: The -child* gave an answer, l>ut the interviewer 
was unable to identify the strategy .used. 

* ■ 

Strategies ' . . ^ * 



cs\ 


The 


child 'counts on from smaller. 


CL 


The 


child counts on from larger. 

i 


S 


The 


child, subitizes # 


CA 


The 


child counts all. 




The 

© 


child separates from. 


T 


The 


child separates to. 


MA 1 


The 


child matches ' , * 


AO 


The 


child adds on. 


DF 


The 


child counts down from. 


DT 


The 


child counts dotfn to. 


UG 


The 


child bounts up from given. : 


HU . 


The* child „ uses a heuristic. 
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#P „ 1?he chi^d presents a number fact. 

OP The child Uses a wrong operation, 

A? , the child uses an algorithm. / m « * am \ 

AA The child uses an additive algorithm. 

. ' ' " " " / . ' 

AL/OP The child usea an algorithm /with" vrong operation. 

ffc- - -A - . . 

• AA/OP^The child uses an additive algorithm with wrong operation. 

• - - * / * • . ■ 

QCS t * The child uses a quasi— heuristic 'related to GS. 



j ' Q CL 

Q£ A 
. .- Q&F 

' QDT 

. ' . : Q UG 
UN , 

? 

Errors 

<» 

M. 

' ■ GI . 
F 

0 

' A > 
CO 

* ♦ 
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, The child uses a qt\asi-heuristic related to CL. 

* f - *- ; j 

• * * * V * 

The chilji uses'* quasi-heuristic related to CA.* 

, 1 ■ * V - • ■ 

■ v The child uses a quasi-heuristic related to -DF. 

The child uses a quasi-l\euristic<\ related to DT. 

»■ - ^ * - & 

The child uses a quafci-heuristic related, toj 

* * #. * *<* 

The child 1 s response. was uncodable. 

* The child was confused c - 

, The child miscounts. ^ 
* The child repeats "given* number. 
. The child forgets data. . * 

The child 'uses, wrong operation. t ■ 

The child uses wrong sentence. ' 

The qjtiild uses wrong analysis. - 

V ■ ■ - * t ;* .- v * a 

The child makes a computatipnal error. 

» * ,' ■ & 

The child qakes alrasic^fact error. 

The ^child makes 'a representational error. 
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uidividual* Student .Profiled • , 



A record or %ach subject's response to the tasks 'was compiled from 
the coding sheets* These profile? are the basis for all other statisti- 
cal information appearing in thf^paper. The profiles fc>r all subjects 
are contained in Appendix D. figure 3 provides an example of 4 a student, 
profile. For each task' at each level, the four coded entries, iu. order . 



* - * ■ - 

from left* to right are model, correctness, strategy, and ertor. The 

abbreviations used are explained in the previous section. 

D ata Aggregation and Analysis f * 

The; data gathered in this study nave been summarized in terms of 

two categories: percent correct and general strategy. The model, 

strategy, and error data are ag'gregated into five independent general 

strategy categories for the B and C problems (direct modeling, ase of 

counting, routine mental operations, rfbn-routine ihental operations, 

and inappropriate), and eight independent. general strategy categories 

for the D and*E,dat'a (non-sen t^nce/direct modeling, non-sent ence/counting, 

non-sentenqe/routine mental operation, non-sj^ntence/non-routine mental 

operation, non-sentence/inapprbpriate, sentence/algorithms, sentence/non- 
■ ' . . 1 ' > < \ 

algorithmic, inappropriate sentence). Details of what specific^ model', 
strategy, and errotf data were used to form these categories are presented 

in Appendix C. - V 

* ' • • » » 

¥ 4 Thp plan for analyses of the aggregated data was based on the design 
mbdel shoyn in Figure? 4. .There ^re two primary dimensions in this model — 
differences in the l^vejf qf problem administered and differences in - 
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Figure 3. Sample 0 student profile for a single interview. 
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L ' Figure A. Basic design o£ the Sandy 'Bay stmdy: Interviews of child,ren^with 
^ ' differing cognitive ca^ability-and their performance on verbal 
■ 'addition and subtraction problems. . 
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* * 1 « . 

*■ ' \ * * 

children's cognitive capacity. The problem dimension involves a com- 

. plexifcy crossed repeated assessment (three interviews) of six problem 

sets (B+, B-, C+; D, *and E) with six tasks in each set (joining, 

separating, . • .).. Tile 'student dimension involves children nested , 

in cognitive levels within classes and in turn within grades. 

• : ■ . . " • ■ ' / 

The raw clata entries for the data matrix are percent correct and. 
general strategy ^used by a student on each problem. It must be noted* 
that the design yields an incomplete data matrix since Grade 1 and £ 
Grade 2 children did not take the D and' E, problems, t her Grade *3 children 
did not take the B problems, and not all' cognitive levels are represented' 
in each grade level. ( 0 ' , 

Ideally, statistical analyses to test main effects and interactions 
for such a data matrix involves developing log-lj&ar models for an 
incomplete frequency table, using the Newton-Raphson algorithm for- 
computation of maximum-likelihood estimates In terms -of a series ctf 
weighted regression analyses, and then testing the estimates (using chi- 

square statistics)., to explore the adequacy of each model (Habermanr, 1978). 

V . - ? ' / " 

Unfortunately, for this* study such a complex analysis^was not possible. 

• ; * ' \ 

The small number of subject's, the unequal cell sizes, the extensive 
incompleteness of the matrix, and lack of resources have limited us . 
to describing. the frequencies and testing a few of the differences with - 1 
chi-square statistics. 



^Because, of the large number of Ircials and the lack, of -a systematic 
platf to test differences; an alpha level of .01 was arbitrarily chosen . 
to test significance. In addition, tests which yielded probability^ 
values between an alpha of .05 and .01 (.05 > p > .01) wen* considered 
marginally significant . All x* values were calculated via 2 x 2 con- . 
tingoncy tables where frequency of correct answers or strategy use was 
dichotomized. - ' i 
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Correct Answers by Children 



/ 



The data for 'percent of items answered coxrectly by children are 
summarized first by examining the difference/ due to problem level 

" - . and then examining .the differences for children with differing cognitive 

• • 2 / . --" " - 

processing* capabilities. / v 

:. * ' . Problem sets . The percent correct for the total population over all 

j . -\ . ' » i - ■' * » • : 

* ' problem .sets is shown in Table 3. Only the E problems are more difficult 

'* .« 

than any of the others* However, the similarity of percent ^correct over 

the B^C, and D problems is.artificial since different groups of students 

were "given tKe different problem types. 





Table 3/ /* 

' - i ** 

. Frequency and Percent' Correct- by - 






Level for 


the Total* Population ■ 

/ 




Level 


N , 


f/% 


Trials 


B 


* 300 


"430/72 


600 


C 


774 


1117/72 


1548 


D ' 


456 


330/72 


456 


E 

* * 


456 


282/62 


456 


Total"^ 


1986. 


2159/71 


3060 



3 



The basic tables used to construct; the following tables % 
appear in Aj?p,endix A. 
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, Tasks , Within each problem set^> one item representing each of six 

tasks (joining, separating, part-part-whole missing addend, part-part- 

whple addition, comparison, and joining missing addend) was given. The 

aggregated data over all interviews for each task at each level are pre- 

sented in Table 4. Overall, not surprisingly, the two addition tasks 

* *» , 

(1 and 4) are easier (81% and 76% correct) than for* the four subtraction 

• W ' • * ' 

tasks (2, 3, A, and 6), (69%, 68%, 56%,* and 73% correct) . To illustrate 
some of the differences in percent correct, . we have chosen to contrast 
performance on tne separating (Task 2) and thk comparison (Task 5) 
problems. The differfences in percertt correct pn these* two /fcasks (69% 
ana 56%) is significant *(X 2 ".13.60, p < «01). / 

Interviews . Each child was interviewed ■ on thr^/ occasions. The 
first interview was' at the start of the Australian ^/school year (February) 
Thus, we expected some i^provementf in performance since addition and 
'subtraction skills were emphasized in instruction in all classes ♦ The 
aggregated dat*a over all jpfoblem level% are/presented in Table 5. An in- 
crease in percent correct occurred for eafch problem set from the first to 
third interview. These differences in/percerit. correct were statistically 

^ x s / ^ * " 

s*ignificant\for the B (x 2 * 7.75, W< .01), .the D (x 2 - 9.. 96, p < .01) 



and theE(X 2 ^* 17.55, r, < .01) problem sets. The differences for the 5 
*C problems were only marginal]/ significant (X 2 3;97, .01 < p < .05). 
Co gnitive level . To ermine whether differences in cognitive 



"capacity are reflected in different percentages of correct responses » 
separate tafcj.es are presented for each problem set. • In Table 6, the 
data. for the B problems which were given oniy to Grade 1 and Grade 2 
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Table 4 







0 4 




tlx 


Trials 


Task 1 . Joining (+) 


Level 






. B 


85/85-- 


100 


. c 


201/78' 


258 


. D,E 


125/8,2, . * 


152' 


Total 


; .411/81.. 

t 


...510 

* 



Tfsk 2 Separating (-) 





f/% . ' 


Trials 




Task 4 , PPW (+) 




Level 


! ■ 






80/80 . 


100 i 


- & 


194/75 . 


258 


D,E 


U5/76 4 \ 


152 


Total | 


389/76 


510 



Task J5 Comparison (-) 1 



. Level. 


* 

t 




Level 


i t " 


-- - ^* ------ t 


■ "79/79 


,100 ' ' ' 


B 


41/41 1Q0 


' ^ ... 


184/71 


, 258 * 


C 


157/58"' 258 


5' • " ' d;e 


89/58 


152 


D,E 


90/59 152 


;j £ Total ? 


352/69 


v 510 


Total 


• 288/56 510 


C ' o Task 3 


PPW, missing addend (-) 


Task 6 


Joining, missing addend (-) 












2'."" Level 






^ Level 




V . B 


68/68 


100 - 


# * i 


— 77/77 A > 100 




- 190/74 


258 


c 


191/74 258 




88/58 4^ 


152 


D,E^ 


" i05/68 , 152 


S -Total ' 


346/68 

* * 


* 510 


Total' 

✓ , 


373/73 510. 

£ - H: , 
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"'I - v 
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, • Tables 
Frequency and Percent Correct by 
L^yel and Interview for t&e Total Population 



Level Interview' £/% — . .Trials* 

» I 

•* » ■? 

B 130/64 204 

2 , 153/75 ' ' 204 



3 147/77 192 

C '1 ' 357/68 .528 

' . 2 ,385/75 516- 

1 ' 3*. 375/74 504 

D 1 . 100/64 *■ 156 

2 105/73 . 144 

- 3 • 125/80 156 

E 1— TS 79/51 • 156 



2> i "7" _ " 



/ 



/ 




88/61 • ^144^ 
156 
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' * * • 

'children clearly shows, that there is a significant increase in percent ' 
correct* (56% to 75% to 88%) for children with higher cognitive capacity 
(X 2 - 4749, P < .01). ' .', '• «Hs^ 

For the C problems gjiven to all children, the percent .correct for - 

* » * 

children at different cognitive levels is shown in Table 7. The dif- 

'ferences are striking* The Level 1 children only got 22% correct while- 

** « f 

for children' at Levels '5 and 6 got 96% correct. Tfiere* is significant 

. • * _ - 

Increase from Level 1 to Level 2 (22% to 65%, X 2 ' " 94.38, p < .01),, 

" ' : ' t -". - ----- 

from Level 2 to Level 3 (65% to 81%, X 2 " 26.74, p < .01), .and again 
'froiAevel 4-to Levels 5,6 (83% to 96%, X 2 * 20l"49, p < .01);. 

For the D and E problems .given only to 'Grade 3 children, the 
pattern of correct responses are very similar (see Tables 8 and 9) . 
Thus, for summary purposes the data have been combined in Table 10. 

----- * * , ~ 

^or these students,, the difference between^ correct for children at v 
cognitive Levels 2 and* 3 (49% and 67%) is significant (x 2 =s 11.76, 
P < .01) as* are the differences between Cognitive Level 4 and « 
Cognitive Level 5,6 children (62% and 83%)^ X 2 55 30;Q5 K p < .01). ; 
Also, there is a drop in performance between Cognitive Level 3 and 
Level 4 on both sets *o£ problems but these differences are not 
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... Table 6 
' Frequency and* Percent .Correct , 
by Cognitive Level for All Level Tasks, 



rp — *~ 



'V Cognitive Level 



f/% 

1 r r 



Triads 





*. .1 

2 ■ » 

3 . 


90 • 

4 

156 


100/56 
' / 235/75 , 
95/88 


180 f 
312* 

♦ 

108 


_ * 


5,6 










•Total 


300 * 


430/72 

t > ". * 


600 

* ■ 





Table 7, 



and Percent Correct 

* . - - -- 

by Cognitive Level for all. Level C^Tasks 




Cognitive Level N , 



f/%. 



Trials 



T 



1 

'3 ' y 
A 

5,6 '"' 

S 





. 90 


, 40/22 • - 


180 


228 • 


. 206/65 . ' 


* 456 




320/81' 


396 


132 , 


220/83 7 


264 * 


126 


241/96 


252 


'774 

■" ----- - _- - 


1117/72 x 


1548 



"v7 



-l w------r - T -. ----- ^ _-- ----- ;-- 

^ 7^ : 4 r ----- ; :— - 




■ -* 



----- 



-- • 

; fe!: 




5?---?*=: 



:-A- *->: 




Table 8 . . 

- - « 

frequency: and Percent ^Correct by 
Cognitive Level for All Level D Tasks 



.* ... • 




- - tar - - 

si • 


f /% 


irials 


' • ' Cognitive Ley 


el 






















* 


/ 




, 'i> 2 


• - - _ - 
<> 


72" 


41/57 


.72 


r 3 > ■ 




132 


'. 97/73 


' - 132 












. ■-, ' - 4 


~^ - \ 


126 


83/66 


126 








1 ■ ' 




V " 5,6 




126 


109/87 


126 












" " • Total ; *. 


-3 ' - ' 


-456 


330/72 


456 



Sfl w ; 
fe*. • - 




♦ ---- X 



33 
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. . -Table 9 X . " 

k 

* , Frequency and Percent Correct'by 
Cognitive Level for All Level E Tasks 



72 i 


*' 30/42 




, 72 


132 


".- 79/60 




. 132 


126 


72/57 




A* 


126 


101/80 




126 


456 I 


282/62 




456 




Trials 

: — 



-_ -V-. 
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Table 10 • \ 
Frequency and Percent Correct by Cognitive Level * 






for All Level D,E 


T > 8ks . • ; 


^ \ 

\ 

> 






•- n' • 


f7% 


Trials, 


f!oonit*lw T^»vel 


* <* 


• < 


1 




.1 • 




*« 










71/49 


144* ' . 




.3 




. 176/6J ' \ . 
\ * • • 


264 / 


^ • 




' 'lie : 

•* < 


155/62 


- 252 




5,6 


126 


210/83 

* 


isi 




Total 


456 


612/67 


912 \ 





. . .•' 



• 35 

. - - • 



m 




. \* > ■ -. • <■• i 

. * * . ... 

: ■ . ' - \ ■ 

T&sks .by cognitive level . Within each problem set, one Intern repre-. 

- • V' - 1 • ' . " - ' . " . 

sent lug each of six tasks (joining, separating, part-part-whole missing 

I * ^ addend, partrpart-whole addition, cpmpaxfison, and joining missing addend}, 
was given. The percent correct data for each cognitive level for each 
t^sk in the B set of problems are presented in Table 11. The pattern of 
<di£ferences between cognitive levels is consistent with Level 3 children 
performing better than Level 2 wKo, in turn, perform better tnan the 
" Level 1 children. 1 * \ ' 

~; The percent, correct data for 'each cognitive lfevel on each task for 
the C set of problems are presented in Table 12. Again a consistent 



pattern of the higher cognitive level children getting as many or more' 
items cotrect is apparent with pne Exception. On Task ^ (part -part-whole 
missing addend) » the Level* 4 children do not do as well as the Level 3 
f children* * 
*** * The*same data for the D and E sets of problems are shown in*Table 13. 
/ And again, the. same pattern *is evident except for the Cognitive L^vel 4 
j children^ whose perf ormance is marginally' lower than Level 3 T children on 
three of the six taa^ks (joining/ separating, and comparison) pd is 
lowgr than (about the Mm^ as) Level 2 children on the comparison tasks. 

Interviews, "by cognitive levely Each child was interviewed on^- 4 
three occasions. Since : the first interview was at the start of the \ 
school year and instruction in addition and subtraction comprised a large 
part bf mathematics classes between interviews, we expected improved * 
performance overtime. The data for the children at cognitive levels 
for the three interviews on the B set of problems is shown in Table 14. 
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Frequency and Percent Correct by Cognitive 
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Table 14 

Frequency and Percent Correct by 'Cognitive. LeveL 
and Interview for All Level B Tasks 
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Instructim would appear to have been most beneficial for Cognitive Level . 
1 children since their scores changed from 47% to 67% correct from the jg^y » / 



first interview to the third; however, there is clearly a ceiling effect 
for the children at higher cognitive levels. Also, the r^ttern of the 
higher percent correcf being achieved by the higher cognitive levels re- ^ 
mains constant. 

* The* data for children at differing cognitive levels on the C tasks . 1 

/7 • * » =- # • 

are shown in Table 15. * tfere, the performance t>f the few Level 1 children 
does not improve while aH other groups improve (with one exception) over 
*time and the pattern of higher level yielding higher achievement is 
generally consistent. , 

Similar data for the*D and E problems sets are presented in Table 16. 
Here* again both improvement over time ana higher cognitive level getting 
higher percent correct is apparent with two exceptions: the Level 4 
children slip- from- Interview 1 to 2 but improve by Interview 2; the 
Level 5,6 children fail to* improve (slip a little) from Interview 2 to 3. 

Grade by cognitive level . Si^ce children were also in different " 
grades, differences in chil^fen f s cognitive levels within each grade were 
also examined. The, data from. Grades 1 and 2*"on the B problem get appear 
in Table 17.* There is no overall grade effect (08% correct at Grade 1 
and 74% at* Grade 2), although there is more within grade variance in 
Grade 2 * (See tables A1-A6 in Apgeridix A. ) 

Data for all three. grades on the, C problem are presented in Table 
* * 
18. Here. there is- a significant jgrade effect. Grade 3 children answer 

• * * , \t 
87% of the fltoblems correct compared to, 57% for the Grade 2 children 
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: (X a « 136,89, p < .01) and 36% for the Grade 1 difference Cx 2 tt 25.64, 
p < .01) | However, the within grade data confirms the overall pattern 
of the higher the cognitive level the higher the performance. ,j \ % 

In summary, although these are important variations in performance t 

due to problem: set_ (sijse^of number), to specific task, to instinct ion ^ 

- - - _ _ - "» \ - * 

over time and to grade, what is dear is that children who have been 

"-"*,.-- . - - - * * ■ 

.identified as having different cognitive processing capabilities . . 
consistently perform, differently on these addition arid subtraction \ 
^ta^ks r^ardle8a of v the mother important factors. * * 

Strategies Used by /Children 

As' outlined in the first part of this paper, the data on strategies 
\ usfcd by children have been summarized in terms of five categories for 
the B and C problem* tfets (direct modeling, counting, routine mental, 
^operations, non-routine mental operations, and inappropriate) and eight 
5 categories for the. D and E problem sets (tfie same five no sentence 
categories as for-B and C tasks and correct sentence-algorithmic, 
correct sentence-nori-algorithmic, and incorrect sentence). 

Proble m sets. 3 The overall, use of these strategies for .the total 
population over all problem, sets is shown" in Table 19. No one strategy 
predominates even though the numbers get larger .with different problem 
sets., for. the *-and C problems, *-four of the five categories of* 
strategies are used almost equally overall, and the only shift is from . 



3 The basic tables used tb construct the following summary tables 
appear In Appendix B* - v * . 
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use qf direct modeling to* use of counting as one goes from the smaller 
B numbers td the, larger numbers in the C problems. These differences 
in frequencies of use of direct modeling and of counting between the 

v - ; - * * I 

B an>* -fi problems out of Che total set of responses are both statistically 
significant (x 2 « 65.25, p < .01; and x 2 = 29.27, p < .01). For the 

D and Bfproblem setai only 21% of the children wrote a sentence and 

• 0 - i ' 

P worked/*! t algorithmically^, although classroom instruction had emphasized 

Algorithmic, work. Ttie f our major hon-sentence categories of strategies 

continued to.be used* on the larger^ numbers in the D and E problem sets, 

which require regrouping. The only si ificant major shift in the 

'strategy from D to E problems, is the increaaiNtjtn use of inappropriate ( 
non-sentence strategies (X 2 = 12.12, p < .01). There is also a 
corresponding decrease in use of routine mental /operations, doing the 
problem in one's head, which is only marginally significant, (x 2 r 5.30, 

.01 < p < .05). Children 1 , probably try to work E problems in their heads 
and get mixed up, rat her than adopting an efficient strategy vhich they 
had teen taught. ' r 

Tasks* Within each problem set, one item representing each of 
six tasks (joining, separating, part -part -whole missing addend, part- 
part-whole additioij, comparison, ar^otoi^ addetfd) is given. 
The aggregated strategy data outer all interviews for each task are\ 
fe^fite<t>i^Table 20. To illustrate the different strategies used 
for the tasks,' we have again chosen to contrast performances on the 
separating (Task 2} and the comparison ' (Tf.sk 5) problems.' The 
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Task 4 PPW (+) 



B 


52/52 


13/13 


23/23 


1/01 


11/11 




66/26 


73/28 


64/25 


12/05 . 


43/17 


t. D,E 


17711 


13/09 


35/23 


0/0 


* 26/17 


-Total 


135/26 


' 99/19 


122/24 


13/03 


80/16 



ERJC 



TTT 



GO) 



61/40 
61/12 



0/0 
0/0 



(contir.ucc) 



0/0 
0/0 
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:v - 


" 9 T - 

- 5 r ' 
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Table 20 (continued) v 






♦ * - . * 


^ Direct 
Tr Modeling 

: . f/X -: 


' Counting 

tit 


Routine Nonroutlne 
mental op. Ksntal op. 

. f/X' ill • 


Inapprop. 
f/X 


_ Alg. 
f/X 


Non-alg. 
.f/% 


Incorrect 
sentence 


-_- _- - - % 




Taak S Comparison (-) 






' • ; 


level 


■" 












_^ 


| B f 13/15 


9/09 


14714 


1/01 » 


61/61 






* - : ~r 


40/16 


'. 68/26 


49/.19 


13/95 *' . 


, 88/34 


> 






P,K • 27/18 


58/38 


11/07 


7/05 


,37/24 " P 


7/05 


.'0/0 

<- 


" 5/03 

% * -_-.*"="-= 


To|[«l " 82/16 


135/26 

1 


74/15 


21/04 ' 


186/36 


7/01 


0/0 


5/01 . 






Joining, missing -addend (-) 




» 

t 




• .-'B - 15/15 


38/38 


30/30 


■ '* 2/02 . 


15/15 




t 




;"; C. 40/16 ^ 


70/27 • 


73/28 


17/06 


58/22 








^ IS , E r 31/20 , 


58/38 


17/11 


10/07 


28/18*. 


5/03 


1/01 ■ 

i 


2/01 


Total 86/17 

- _ - ■ * * * 


' 166/32 . 


120/23 

{ 


29/06 


• 101/20 


5/01 


1/0 * f 


2/0 ^ 




1 


. -» - 








* 






• * 




i 


* 






ti 








51 






- - ♦ 




\ - 

* v~- * ♦ 

SERIC - 




i 

. r . _ . - . - \ 
^ « ~ - 
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cliff erences in frequency of use of the direct modeling and inappropiate 
strategies on these 'two tasks was significant for those who took the 
and E problem sets (x 2 - 41.70,-p~< .01 and x 2 s 86.75, p < .01). The 
differences iri frequ ncy of use of the subtraction algorithm was also 
significant for those who took the D and E problem sets (X 2 =38.7, ' 
p < .01), Clearly, although both problems can be solved by subtraction, 
the problems .are perceived- by students as being quite different, and 
hence, chey % ufee different strategies with each. 

Interviews . Each child was interviewed on three occasions. Since-- 

V 

the first interview was at the start. of the school year and arithmetic 
instruction cbippr fsed . a large part of mathematics classes between inter- c 
views,^one would expect some shifty in use of strategies over time. The? 
aggregated data on yse of strategies over all tasks are ^presented in • 

Table' 21. * , ' • " ' 6 

t 

For the B tasks, there is some- fluctuation in use of strategies over 
the interviews, although direct modeling, use of routine mental operation 
and use of inappropriate strategies are most often used and change little 
from interview tp interview. , 

For the C problems,' there are two shifts that .aire significant. • Use 

of direct modeling drops from 33% on the first interview to 14% on „the 

d . 

third (x? " 52.81, p < .01). At the same time, use of routine, mental 
operations Increases from 10% to 32% (x 2 = 74.19, p < .01) ? Similarly,' 
for the D and E problems, the use' of algorithms increases from 17% to 
30% from the first to'third interviews- (x 2 f 16.45, p < .01). 

In both later cas£s, the increased use of routine arithmetic 
strategies is consistent with the instructional emphasis in the* 
classes. In fact, what is surprising is that those strategies are 
otily used in less than a third of the problems. \ 



/ 



' * ■ ' Table 21 - , *> t ~ * 

Frequency of Use of Strategies by Level, ^Interview, and Category for the Total Population 



Level 




Direct 
modeling 
f/Z 


Counting 


Mhttfx op* 


n on ro ut xne 
mental op* 


Inapprop* 


Alg. 


Non-alg. 

f /¥ 
Zfto . 


xncorrecc> 
sentence 


B 


1 


81/40 


28/14 


51/25 


1/Of 


43/21 




4 


1% 




2 


81/40 


-17/08 ^ 


. 41/20 


10/05 


55/27 






\ 




3 


6*6/34 * 


* 35/18 \ 


47/24 


11 0k 


37/19 • 


r 






c 


1 


175/33 


144/27 


53/10 


41/08 


' 115/22 




% 


\ - - 






/ 104/20 


118/23 


149/2? 


28/05 * 


, 117/23 4 

«r 


j 

• 








3 


70/14 


„ 131/26 


160/32 ^ 


48/10 


95/19 








j- * 

D,E t 


1 


69/22 




'35/11 


,11/03 . 


; W/21/ 


52/17 


2/01 


2/01 J 




2 


61/21 


. .* - * 

55/19 


57720 

• 


5/02 ' 


. 53/18 


49/17 


•' 5702 


3/01 . ^ 


-- V 

" ¥ 


3 


48/15 


65/21 


47/15 


6/02 


- 42/13 


' 95/30 


I/O** 


8/03 



53 



ERIC 



In summation, each of c the features of the problem dimension in this 
yielded interesting results.. Different types of strategies aroused • 
by cjiildren as* the problem «ets use larger and larger numbers. Different 
strategies are used with different tasks 'and there are a few^shifts in 
strategy use from the firsju interview to the third. In all, this yields 

t 

a complex picture in which a wide variety of strategies used by 

children for -differing types of problems. 

Cbqnitive level . To examine whether differences in cognitive 

capacity afce reflected in different uses of strategies, separate tables 

are presented rpr^ each problem set. For the B problems given only to 

Grade 1 and 2 children (Table 22), there was a significant increase in 

usetof routine mental operations (8% to 27% to 36%) for children with* 

higher cognitive 1 capacity (x 2 - 36.917, p < .|01) and a corresponding 

significant decrease infuse of an inappropriate strategy (39% to 18% to 

7%) (X 2 " p < .01). The frequency of use of the other categories 

• * 

o * - / * 

remains constant over cognitive levels. J * m 

For the C problems given to all children, the strategy data for 

children with differing cognitive level are shown in Table 23. The 

picture "here is more dramatic.^ Children at Cognitive Level 1 either 

directly model tfie problems (28% of the trials) or use an inappropriate 

strategy (70% of the trials).* Use of an' inappropriate strategy* goes 

■down consistently with Cognitive ;Level ,<7Q% for Level 1 children to 0% 

for Level 5,6 children)! ^Direct modeling is the most often^used strategy 

at Cognitive Level 2;> counting at Level 3; and routine mental operations 

at Cognitive Levels 4, and 5,6 where counting was also used frequently. 



1 * > . 



Table 22." / , 
Frequency of Use of Strates*e ■ Cognitive Level and Category for All Level B .Taste 



V 



N 



Direct 
, modeling 



Govnrcing- 
f/% 



Routine 
mental op* 
f/% 



Nonroutine 
mental op. 
f/% 



Inapprop, 
f/% 



Trfr 



^Cognitive Leyel 
1 

. * * 

2 

' Total 

















69/38 


,20/11 


15/08 


5/03 1 


,-71/39 


156 


'•120/38 ' 


43/14 


85/27 


' 8/02 


56/18 


Ik ■ 


39/36 « 


17/16 


39/36 . 


5/05 


r 

8/07 


300 


228/38 


80/13_ - 


— 1-39-/23 


~ "18/03 


135/22 



ERIC 
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. ^ . Table 23 

, Frequency of 4Jse* of Strategies by Cognitive Levc?. and Category for All Level C Tasks 



Direct 
modeling 

m 



Counting 

m 



Routine 
mental op. 

tlx 



Ndnroutine 

mental op. ^ Inapprop. 



t/X 



tl% 



Trials' 



A Cognitive Level 



1 


90 


50/28 


1/0+ 


2/01 4 


0/0 


127/70 


18d 


\ 2 ' 


228 


166/36 


82/18 


59/13 _ 


27/06 


122/27 i 


456 ;| 


. V 3 


198 


, 71/18 


130/33 


104/26 


38/10 


53/13 


396 




132 


30/11 


79/30 


92/35, 


^ 38/14 


25/09 


264 


\, 5 ' 6 " 


I 26 


32/13 


101/40 


' 105/42 


14/06 


0/0 


252^5 


, Total * 


774 


349/22 


393/25 


* 

362/22 


117/08 


'327/21 . 


1548 v 



ERIC 



For the D p 



Joblems wh£ch wero taken only by the third-grade children, 
the strategy data are summarized in Table 24. Between Cognitive Level 2 
and Level 5,6, 'there is a significant increase in u^e of counting strategies 
from!'l2,% to 33% (X 2 * 10.40, p < .01) and a corresponding decrease in use/ 
.of inappropriate strategies from 29% to 2% (x z - 30.'86,° p < .01). , * 

The data for the E problems, also given only to ? third graders* are 
summarized In Table 25. As for the D problems from Level 2 to Level 5,6, 
■use of counting strategies Increased significantly from 4% to 32% 
(X 2 m 20.50, p < .01) and use of Inappropriate strategies decreased -» 
from 44% to 5% (x* - 46.52, p < .01). For both Level. D tasks and Level E ■ 
tasks, there was no appreciable Incase in use of algorithms by children 
at higher cognitive levels (D, 21% to 22%; E, 26% to 25%). Since the 
D and E problems are approached with similar strategies, the data have 
been combined in Table 26. c 

Tasks by Costive Level ' 

\fi thin each problem set, one item representing each o£ six tasks 
(joining, separate, part-part-whole missing addend, part-part-whole 
addition, compar;isoi\, and joining missing addend) was given*- -The — 
strategy data for each cognitive level for each task for the B set of 
problems are presented in Table 27. ,,A consistent inverse relationship 
between use of inappropriate strategies and cognitive level is apparent. 
Although the percentages of various strategies used with each of the 
tasks differs, the patterns of use seem to be consistent across cognitive 
level. For example, direct modeling is not used by very many students 
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1 * ' . 2 Table 24 * 4 

Frequency of Use of StrttegiM^y Cognitive Level anc Category for All Level D Tasks 



Direct . * , Routine 
modeling Counting •> mental op* 
f/X B f/X / - f/X 



Nonroutine - 
mental op* ' l^approp.; * cAlg. tf Non-alg* 
f/X * - f/X f/X * f/2 



Cognitive Level 1 

» 

2 

3 - 
4 

5,6 



14/19 


. 9VU 


8/11 


3/04 


21/2^ 
21/16 


15/21*%** 


1/01 


29/22 


- 27/20 


24/18 


.5/04 ^ 


4 25A9 . 


0/0 


25/20 


28/22 


23/18 


- ,9/07 


V 15/12 


24/19 


1/01 


20/16 


42/33 


27/21 


1/01 


3/02 


,31/25 


2/02 



/ 



1/01 ^ 

i/oi ■- 2 

x 2/02 
0/0 . : % 



ERLC 



/ Tabie 2$ , - , * * 

Frequency of JJse^of Strategies by Cognitive Level and Category, for. All Level B Tasks 



Direct 



Routine* Honroutine 



modeling Counting mental op . mental op, 

f/X . */* • f/i 



f/% 



f/X 



f/% 



Inapprop, 
f/Z 



Alg. 
f/Z ■ 


Hon-alg* 
f/X 


Incorrect^ 
sentence 

\ mm 


19/26 


2/03 - 


2/ai ;^r| 


24/18 * 


1/01 "". 


* 2/01 j 


27/21 


. 0/0 


2/02 ^ 


31/25 


1701 


,3/02 



Cognitive Level * 
♦ 

■" 2 5/07 

„.3 ' '28/2*' 

* 4 * 29/23 

5,6 L 28/22 



3/04 

* v , ' 
315/23 « 

17/13. 

40/32 . 



7/10 
17/13 
17/13 
16/13 



2/03 

0/0 

1/01 

Voi 



32/44 
*' 30/23 

32 / 2 % 

6/05 
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Table 26 



Frequency of Use, of Strategies by' Cognitive Level and Category for Ml Level D^Tasks. 



No sentence 



-Incorrect # 
Correct sentence sentence 



'45* 
.00 



- Al*~ 
strat. 

f/Z 



Direct * 



Routine llbnroutine 



modeling Counting mental op.' mental op, Inapprop. Alg. Noa-alg. 
f/Z-- f/Z * f/Z f/Z */Z f/Z f'/Z 



Trials 



* Cognitive Level 





- _ 2 ' 


72 


19/13 


12/08 


15/10 m 


. '5/03 


' 53/37 


34/24 


3/02 


,.3/02 


—144- 

- - ■ f - * 






3 


132 


51(22 


x 57/22 


41/16/ 


5'/02 *" 
f 


51/19 


- 49/19 


1/0 


-3/01 


"264 - 






i 

4 : 


,126 


54/21 


45/18 


* 40/16 


10/04 


47/19 


51/20 


• 1/0, 


4/02 


..-252 






> 5,6 


'126^ 


48/19 


82/32 . 


43/17 


2/01 


9/03 


* 62/25 


— 3/01 


\ 3/01 * 


. ^52 : * 






Total 


, 456 


17?/20 " 


196721 


» 139/15; 


« • 22/02 - 


160/18 


196/21 


8/01 


13/01 . 


m 912 


*• 
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s 

/ 



lb V 



'r--~- > 



- - r * - - . 
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tabie 27 
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f-V_ : Frequency of Use of Strategies by Cognitive Level, and Category for Each Level B Task 


• 

c* 






Direct 




Routine 


tfonroutine 






p - St 


H 


modeling 
f/* 


counting 
' f/X 


, mental op. 

tlx 


mental op, 
f/% 


wapprop. 

f/X Trials 






i 


Task 1 


Joining (+) 




* , V 




Cognitive Level 




> 














15 


16/53 


3/10 


3/16 


4/13 


4/13 


30 


■ 2 


26 


23/44 


5/10 


• 17(33 


3/06 


/ 4/08 
0/0 


52 


x v;'\ 3 


*" 9 


6/33 


,3/17 


7/39 


2/ii 


18 


li;; Total * > 


,50 


45/45 . 


11/11 


27/27 


9/09 , 

* 


8/08^ 


100 








Task ,2 


Separating (-) 










15 


17/57 


1/03 


2/07 


0/0 


10/33 


30 




26 


27/52 


. -3/06 


. 16/31 


2/04 . 


4/08 


52^ 


3* 


9 


v 10/56 


1/06 


6/33 


0/0 * 


1/06 


18 


^ Total 


50 


^ 54/54, 


1 ^5/05' 


. 24/24 


2/02 


15/15 


100 

<? 






Task 5 3 1PPW, 


missing addend 


(-) 






.* f a. 


15 . 


' 12/40 


1/03 


4 ♦ 
2/07 


. 0/0 ' 


* 15/50 


3d 


S':. 2 « 


26 


26/50 


1/02 


14/27 


1/62 


10/1^ - 


52 ■ 


If 3 x 


9 


9/50 


-2/11 1 


5/28 


2/11 


0/0 


18 


K- - * < 
^ Total 

? - ^ 


50 


47/47 


* . 4/04 


K 21/21 


3/03 


25/25. 


100 












< 

• 


■ (co:i£ inued) 


r 


1ERJC ; 


> 






* 
















> 
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Table 27 (continued) 



Direct 
modeling 

■ -re- 



counting 
f/X 



Routine 
mental op* 

tit c 



I TaaV; 4 BPW (+) 



; 1 


15 


N 17/57 


3/10 * 


i 3/10 


2 


' 26 


' 25/48 


' 8/15 . 


. 14/27 


3- 


9 ■"• 


10/56 


2/11 * 


6/33 


Total*. 


» ' so ; 


' ' 52/52 ■ 


, 13/13- 


23/23 



Nonroutine 
mental op. 
f/Z 



1/03 
0/0 
0/0 
1701 




6/20 
5/10 
0/0 
11/11 



Trials 



30^ 
52 

ia 

100 



Task 5 Comparison (-) 





1 


_ 15 


2/07- x 


i/03 


''2/07 


. , 0/0 




J _ ■ 2 


.26' 


10/19 


7/13 


4/08 


" 1/02 




3 


4 9 


3/17 


1/06 


8/44 


■ 0/0 




^ Total 


50. 


: 15/15 


' 9/09 


. 14/14 


. 1/01 



1 

* 2 
3 

Total 



Task 6 Joining, .missing addend (-) 



15 


5/17. 


- 11/37 
19/36 


3/10 


0/0 


26 . 


9/17 


20/38 


1/02 


9 


l/06_ 


8/44 


7/39 




50 


15/15 


38/38 


30/30 


2/02 

* 



25/03 
30/58 
6/33 
61/61 



11/37 t 
, 3/06 ' 
/ 1/06 
• . 15/15 



30 

52* 
.18 
100 



:• 30. 

52 
18 
100 



0 ^ 



9 



-^r^-O - — - 
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for the comparison and joining missing addend tasks regardless of cognitive 

level. V / ' ' 

The strategy data for pach Cognitive level on each task for the C 

set of problems are presented in Table 28. Agkin, the use of direct 

* * * 

modeling goes down at aigher cognitive levels as does use of inappropriate 
strategies while routfjie mental operations in general increase. Cognitive 
Level 1 children directly model br use inappropriate strategies across 
all tasks* * The, use of other strategies varies by task. 

;The same data for the D and E sets of problems are shown in Table 
29, and again the same .pattern i-s evident.. Direct modeling strategies 
are now used only for subtraction tasks. There, seems to be no apparent 
pattern in use of rountine mental operations or algorithms across 
cognitive levels or different tasks. ^ * 

r * * " S * f 

< ' r 

Interviews by Cognitive Levels 

Each child was interviewed on three occasions. Since the first 

•interview was at the start of tfie school year and instruction in addition 

• • ' < ' t '* 

and subtraction comprised a large part of mathematics classes between 
interviews, we Expected improvement in performance pver time and perhaps 
change in strategies to use of routine mental operations and/or algorithms 
The data for the 'children at different cognitive levels for the three 
interviews on the B set of problems aie shown in Table 30. There is no 
apparent shift in use of strategies over interviews. While there is an 
increase over time in percent correct (see Table 14), it appears to be 
due to the most efficient use of various strategies rather than shift 
in type* of strategy used. 
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5*^"- * Frequency of Use of Strategies by Cognitive Level and Category fox Each Level C Task 

-:v ■ , _ . . . - .- . 






N 


Direct 
modeling 

~ . f/X 

— > 


Counting 

f /% \ 


Routine 
aental op?/ 
* - A IX . 


• 'Honroiitine 
mental op. 


Inapprop* 
r/ a 


Trials 7 , 

y * „- - 


?§H * - ' 




• 


, Taak >1 

1 tlOK X 


Joining (+) V 








Cognitive Level 






4 

o - * - 










:/• *V • : 


15 - 


11/37 


"1?"""'" X -- «-*»■- ----- 

1 0/0 

t 


— — - 

"o/o 

\ < 

15/20 


0?0^i 


i9/63 • 




-_ » ■ ** 


38 


32/42 


13/17 


6/08 


10/13 


76" 


3 , , * 


33 ' 


*-i2/fa 


23/35 


/ 19/29 


■7/11 \\ 


* 5/08 • 


. ^6| 


'• .4 


, 22 


1/02 


,15/34 


18/41 


7/16 * 


3/07 


•44 : 


§ 5,6, 


21 


1/02 ' 


« 14/33 


21/50 


6/14 


t 

0/0 


" 42 


; * Total -\ 


1 129 


57/22 


65/25 

A 


\ 73/28 


• 26/10 


37/14 


258 \ 


ri .', 






Task y 2 f Separating (-) 






I . -- ~ 

* , ~ 4. 


r J 1 


15 •' 


/ 

' 12/40 

- a 


1 :'0/0 


o/o. 


0/0 


;i8/6Q. 


. 30 




38 


i 

33/43 


5/06 


' % 12/16 ' 


5/06 


21/28 . 


76 y- 


3 ^ J 


33 


15/23 


17/26 


12/18 


12/18 


10/ 15 


*6 


? • 4°^ 


22 


'5/11, 


17/39 


• • , 12/27 


5/11 


5/11 


"44 > 


ft 5,6 


* ,21 


8/19 


20/48 


10/24 


• 4/09 


0/0 


42. 


Total 


-129 " 


73/28 


59/23 


46718 


26/10 


■ 54/21 . 


258 


w . 1 






Task 3 PPW, 


missing addend (-) 






^ 

f ' - 1 


15 


„ 

11/37 


o/o 


1/03 


-0/0 . 


18/60 


30 


•• ". 2 


, 38 ■ 


32/42 


14/18 


,8/10 


5/06 


17/22 a 


76 


f-". 3 


33 


19/27 


.? 17/26 


17/26 


8/12 - 


5/08 


66 . 




22 


4/09 


14/32 


11/25 


- 8/18 


7/16 


44 


> ' 5,6 


21 | 
129 

* 


£ 7/17 


' 13/31 { 


20/48 


£~ 2/05 


0/0 


42 


• ERjb 1 . 


73/28; 


58/22. 


57/22 ' 


- 23/09 
— - — — — ! — ^~ 


47/18 


25? 



Direct 

modeling * Counting 
: f/i til 



Routine 
mental op, 
f/X 



Nonroutine 
mental op, 
f IX • 



Inapprop* 



' Trials 



Taak 4 cPPW . 



Cognitive BevelV 



1 

2 

3 
. A 

5,6 
Total 



15 


11/3/ 


■ , 0/0 


O/O 


38 


34/45 


18/24 


10/13 


33 




28/42 • 


17/26 


22 


N 7/16.- 


H/25 , 


17/39 


0 

21 1 


'5/12' 


16/38 


20/48 


129 " 


._ _ 66/26 


73728 ' 


64/2*5 



-3^0 — 


19/63 


30-*: 


•o/o 


14/18 


76;*^ 


4/6$ 


8/12 , 


• 6c . 


7/16 


2/04 


44 ; 


1/02 


0/0. ' » 


42 , 


12/05 * 


o 43/17 . 


258 



Task 5 Comparison (-) 



1 


15 


1/03 \ 


0/0 


070 v; 


0/0 


29/97 


30>' 

<• 


2 * v 


38 


14/18 j, 


12/16 


* 4/05 


6/08 


40/53 


J6 

f 


3 


33 


9/14 


24/36 ' 


f 16/24 * § 


, 2/03 


15/23 


6fr 

- * — ~- 


4 " 


22 


9/20 


12/27 * 


14/32 


- 5/11 


4/09 , 


44 ' 


5,6 


21, 


• 7/17 


20/46 


15/36 \ 


0/0 


0/0 


42 


* Total ■ ' 


129 


40/16 


68/26 


49/19 


13/05 


* 88/34 


258 -j 


i 




* Task 6 


Joining, 


missing addend (-) 










" 15 


4/13 


_u- — — 

'"1/03 


3./03 


0/0 


24/80 


\ 30 


2 


<•> 

38 V 


21/28 


20/26 


10/13 


5/06 


. 20/26 


76* 


- 3 


33 


7/11 


21/32 


23/35 


.5/08 


10/15 


:66 


* 

•4 


22 # 


4/09 


10/23 


20/45 


, 6/14 


4/09 


•44 


5,6 
O ~otal 

ERIC 


. 21'' 
U9 . 


40/16 * 


18/43 
70/27 


. '19/45 
73/28 


1/02 
17/06 


,0/0 
58/22 


42 
258 










; — ~V 

^ 68 









Table 29 



^Frequency of Use 



61 * 
of Strategies by Cognitive Level and 'category for pach Level J),E Task 



Task 1 Joining (+) 







" ' X' 






— 5 — 




incorrect j 








«*No sentence 




Correct sentence 


sentence 1 

<> 


t. 


i 


? Direct 
mo.de ling 


Count^ig 


Routine^ 
■ mental qp. 


Nonroutine 

men tal , op . * Inapprop . " 


fc Alg. *. Non-alg* 


All i' 
strat . 






N f/%' 


' f/Z 


' f/% 


? /Z * - f/% 


.f/% f/3 


' f/% ' Trials 



Cognitive Level 
2 

, 3 *^ 
A 

5,6 ■ 
Total * 



2 ' 

*3 , 
4 

5,6 
, Total 



2 
3 
4 

5,6. 
Total 



12 


1/04 ' 


2/08 ■ 


2/08 


22 ' 


7/16 


6/14 


15/34 


21 


2/05, 


2/05 


16/38 


21 


4/10 


3/07 


, * 16/38 


76 * 


14/09 


i3/09 


49/32 



0/0 ' 


6/25 


12/50- 


1/04 


0/0 


24 ' 


1/02 


2/04 


12/27 


1/02 


0/0 ,. 


n 44 


1/02 


5/12 


• JL6/38. 


0/0 


6/0 


*42 


0/0 


0/0 


19/45 . 


g/0 


0/0 




2/01 


13/09 t 


*' 59/39 


2/01 


0/.0 , 


152 




,12 
22 
21 
21 
76 



4/17^ 
15/34' 
13/31 
13/31 
45/30 



* 0/0 
< 7/16 
6/14 
5/12. 
18/12 



2/08 


0/0 


8/33 K 


8/33 


1/04 


1/04 


24 


2/04 1 


1/04 


6/13 


13/29 


0/0 • 


0/0 


44 


6/14 


0/0 


4/10 


: 11/26 


1/02 % 


1/02 


42 


2/05 


0/0 


2/05 


16/38 


2/flS + 


2/05 . 


42 


12/08 




6 -20/13 


48/31 


' 4/03 


4/03 


\ 152 



Task 3 PPW, missing addend (-) 



12 
22 
21 
21 
76 



4/17 


2/08 


3/12 * 


1/04 4 


10/41 


4/17 


0/0 


0/0. 


13/29 


10/23 


4/09. 


0/0 


, 11/25 


5/11 


0/0 


1/02 


13/31 


,7/17 


3/07 


' 1^02 . 


13/31 


4/Q9 


0/0 * 


'1/02 


14/33 


;. 17/40 


5/12 


. 0/0* 


2/05 


3/07 


1/02 


• 0/0 


44/29 


£36/24 


15/10 


2/01 * 


36/23 - 


16710 


1/01 * • 


2/01 



, 24 

44* 
42 
42 
152 



(continued) 



Table 29. (continued) 



Mo sentence^ 



- Direct * ' * Routine 

modeling Counting mental op. 



Nonroutine 

mental op. Inapprop, 



Correct sentence 



Alg. Non-alg» 



f/X' 



m 



f/X 



f/X 



f/X 



f/X 



Incorrect: 
sentence ■ 

All 
strat. 

f/X 



Task 4* PPW (+) 



2 " 


12 


4/17 


4/17 


2/08 


3 


22 


- 8/18 


14/36 


3/07 


4 / 


21 


9/21 


13/31 


^/07- 


. 5,6 


' 21 


6/14 


35/60 


3/07 


Total 


,76 


27/18 


;58/38 


11/07 



0/O 12/50 2/08 0/0 

1/02 il/25 " 3/07 0/0 

,5 /12 10£24 0/0^ 0/0- 

1/02 4/09 2/05 0/0 

7/05 37/24 7/05 0/0 



0/0 
2/04 
-2Z05. 



1/02 
5/03 



Task 6 Joining, missing addend 



c-i> 



Trials 



5 










\ 










» 


Cognitive Level 


















t 




2. 


12 


1/04 


1/04 


4/17 


0/0 


10/42 


8/33 


, 0/0 . 


0/0 


24 


3 


.22 


7/16 


2/04 


12/27 


0/0 


10/23 


13>29 


0/0 


0/0 


44 


• 4 


21 *■ 


5/12 


4/09 


8/19 


0/0 


6/14 


19/45 


0/0 


0/0 


42 


5,6 


21 


4/09, 


6/14 


11/26 


o/b 


- 0/0 . 


2J./50 


0/0 


0/0 


42 


Total 


76 


17/11 


13/09 


35/23 


e/o. 


26/17 


61/40 


0/0 


<0/0 


152 


• 








Task 5 


Comparison (-) 













24 
44 
42 



42 
152 



2*. 


- 12 x 

* c 22 


5/21 


3/12 


' 2/08 


4/17 ' 


7/29 


0/0 


1/04 


•2/08 


24 


3 ' 


7/16 


16/36 


5/11 


2/04 


11/25 


3/p7 


0/0 


0/0 


44 


4 


► 21 


12/29 


13/31 


4/09 


3/07 


.9/21 


\j^>2 


0/0 


0/0 v 


42 


5,6 


21 


7/17 


26/62 


6/14 


1/02 


1/62 


1/02 


0/0 


"0/0 


42 


Total 


76 


. * 31/20 


58/38 


17 '11 


10/07 


28/18 


5/03, 


1/01 


2/01 ' 


152 



Table*30 

Frequency of Use of Strategies-by Cognitive Level, Category, and Interview 

for All Level B Tasks 



Direct 
modeling 
f/X 



Counting 

m 



Routine 
mental op. 
f/% 



Interview 1 



Non routine 
mental op T , 
f/% / 



Inapprop . 
f/% 



Trials 



Cognitive Level 



1 


30 


2 3/38 


7/12 


6/10 


2 


54 


48/44 


16/15 


27/25* 


3 


18 


10/28 


5/14 - 


• , 18/50 


Total 


102 


81/40 


28/14 ' 


51/25 



1 

2 

3 , 
^ "Total 



Interview 2 



Interview 3 



0/0 
1/01 
0/0 
l/Of 



30 


, 21/35 


3/05 


6/10 P 


2/03 


54 


43/40 


9/08 


25/23 


6/05 


18 


17/47. 


5/14 


10/28 


2/06 


—102 


-81/40- 


17/08. 


41/20 


10/05 



0J< 



24/40 
16/15 
3/08 
43/21 



28/47 
25/23 
2/06 
55/2? 



60 
108 

3$ 
204 



60 
108 

36 
204 



1 


30 


25/42 


10/17 


3/05 


3/05 


19/32 


60 


2 


48 


29/30 


18/19 


33/34 


1/01 


is/16 


96 


3 


18 


12/33 


7/19 


11/31 


3/08 


3/08 


• 36 


Total 


96 


66/34 


35/18 


47/24 


7/04 


• 37/19 


192 



9 

ERJC 



57 



The data for children at differing cognitive levels on the C tasks 
are shown in Table 31. There is an increase in. use of routine mental 
operations and a corresponding decre'ase in direct modeling. This is 
apparent' particularly for children at the -higher cognitive levels. 
Thus, there is some influence of instruction. However, there is no 
apparent change in use of -inappropriate strategies across interviews. 

' Similar data for the D and E problem sets are presented in Table 
32. The effect of instruction is clearly evident in the. increase in 
use of algorithms. This- use is across all cognitive levels -and not 
limited to the higher cognitive levels. At the same time, there is a 
Corresponding decrease in the use of direct modeling and inappropriate 
strategies. 



Grade by Cognitive Levels 

&tace children were also in different grades, differences, in 
children at different cognitive levels within each grade were also 
examined. The data from Grades 1 and 2 on the B problem, set appear 
in Table 33. A grade effect is apparent since there is an increased 
use of routine mental, operations between grades from 18% at Grade 1 
to 26% at Grade 2 and an increase in use of direct modeling 'from ,30% 
'at Grade 1 to '43% at Grade 2. There are also corresponding slight 
reductions in use of both inappropriate strategies and counting 

strategies. • 

Data for all three grades on the strategies used for the C probletns 
are presented in Table 34. There is a reduction in the, use of inappropriate 
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^ v 


Frequency of Use of Strategies by Cognitive Level, Category, and 










* Interview 


for All- Level C Tasks 

i 


■ - - 




~Z - * ' 


-N 


Direct 

tun ft a 1 inff 


Counting 

.'f/X". 


Routine 
mental op. 

■ : tlx 


Nonrdutine 
mental op . . 
f/% 


InaooroD . 

f/% 


Trials - 


i- > - » 






Interview 1 








Cognitive Level. 




o 












■ "-* 1 


30 


21/35 


0/0 


0/0 


0/0 


39/65' 


60 V j§ 


2 


73 


70745 


• 25/16 


5/03 


9/06 


£7/30 


156 v (1: 


3 


66 


40/30 


43/32 


19/14 


10/08 


20/15 


132 


^ 4 


48 


21/22 


35/36 


17/18 


14/14 


9/09 


96 . ' ■ ■ 




42 


2^/27 


* - 41/49 


. 12/14 


8/10 


0/0 


84 * 


* Total . 


264 


1 


144/27 


53/10 " 


£ 41/08 


115/22 

•>• 


528 <'i 








^Interview 2 








i * 


30 


13/22 


0/0* 


0/0 . 


'0/0 




47/78, 


60 ... 


2 ^ 


Jn 


50/32 


28/18 


. 29/18 


5/03 


44/28 


156 ^ 


3 


66 


23/17 


35/26 


43/32 


12/09 


19/14 


132 - 


4 


42 


9/11 


^ 20/24 


38/45 


10/12 


7/08 


84 


5,6 


42. 


9/11 


35/42 


39/46 
. "149/29 


1 1/01 


070 


84 :; 


Total 


258 


104/20 


118/23 


* 28/05 


117/23 

* 


516 








Interview 3 
















< 








1 


30 


■ / 16/25 


1/02 


2/03 


0/0 


41/68 


60 < 


,2 


72 


, 46/32 


29/20 


25/17 


13/09 


31/22 


144 4 




66 


8/06 


52/39 


4$32f i 


73 16/12 


14/11 


132 


4 


42 


0/0 


j 

' 24/28 


37/44 


14/17 3 


9/11 


84 


ERJC 


42 

. 252 

* -- 


0/0 
70/14 * 


- 25/30 
131/26 


54/64 
,160/32 


5/06 
* % 48/10 


0/0 
* 95/19 

* * 


84 

/ 504 



. - _* Table 32 

Frequency of Use of Strategies by Cognitive Level, Category, 




for All Level D,E tasks 



Interview 3 



•* 

2 

. * 


24 


3/06 


6/12 


0/0 


1/02 


15/31 


20/*2 


1/02 


3 


48 


21/22 


20/21 


19/20 


2/02 


9/09' 




0/0 


4 


42 ' 


18/21 


12/14 


13/15 


3/04 


■ 15/18 


21/25 


0/0 


5,6 


42 


6/07 


27/32 


" 15/18 


0/0 


3/04 


32/38 


0/0 


Total • • 


156 


48/15 


65/21 


47/15 


• 6/02 ' 


42/13 


95/30 


1/0 















■ ■ ■ ' 






Incorrect 












No sentence 




. Correct 


sentence 


sentence 




• * 


V 


f Direct » 
modeling 


i 

Counting 


Routine 
mental op 


p Nonroutine 
• mental op. 


Inappr op • 


Alg. 


Non-alg* 


All 
st rat. 






N 




f/% 


• f/% 


f/% 


f/% 


f/% 


ill 


f/% 


; Trials 


Interview 1 ' * 


Cognitive Level 

2 4 


24 


3/<J6 


4/08 f 


. 5/10 


3/06 


24/50 


8/17 


1/02 


* 

0/0 


48 


3 


* 4ff 


15/16 


2.6/27_ 


8/08 




25/26 


18/19 


1/01 


n /n 
u/u 


^0 


4 


42 


19/23 


21/25 


10/12 


3/04 


14/17 - 


16/19 


0/0 


1/01 


84 


5,6 


42 


32/38 


'25/30 


12/14 


2/02 


2/02 ( 


10/12, 


0/0 


1 1/01 . 


84 


Total 


156 


' 69/22 

• 


76/24 


35/11 


11/03 

> 


65/21 


52/17 


2/01 


2/01 


312 






— — - J r U 
* 






Interview 2 






*<> 






2 


24 


13/27 


2/04 


10/21 


1/02 


0* 

14/29 


6/12 


l/oi 


1/02 


. 48 


3 


' 36 


21/29 


11/15 


14/19 


0/0 


17/24 


9/12 


0/0 


0/0 


« 72 


4 


42 


17/20 


12/14 


17/20 


4/05 


18/21 


14/17 


1/01 


1/01 


84 


5,6 


42 


10/12 


30/36 


16/19 


0/0 


4/05 


20/24- 


3/04 


1/01 


84 


Total 


144 


61/21 


55/19 


57/20 


5/02 


53/18 , 


49/17 


5/02 


3/01 


288 
*» 




1/01 

8°/ 03 



312 



Ln 



75 




Frequency of Use of Strategies by Cognitive Level, Category, and Grade for 







_-_ 


All Level B Tasks . 


; " - 




— - 




N 


_° Direct 
modeling 

f/% 


Routine 
Counting mental op ♦ 

f/% - tlx 


Nonroutine 
mental op. 

\m 


Inapprop* 
* f/% 


v 

Trials 








- - Grade 1 


; 






Cognitive Level 
















54 


35/32 


18/17 15/14 


3/03 


37/34 


108 


J| • 2 f 


42 


14/17 


24/29 24/29 


;4/05 


18/21 


84 


H: 3 : 


18 


19/53 - 


8/22 . 3/08 


0/0 


6/17 ' 


36 


15 Total , 


114 


68/30 


50/21 42/18 V 


,7/03 


61/27 


228 


j\ " Grade 2 




36 


34/W 


2/03 0/0 


2/03 


34/47 * 


72 


£ 2 


114 


106/46 


19/08 61/27 


4/02 


38/17 


228* 


-v = - 3 


36 


20/28 


9/12 36/50 


5/07 


2/03 


72 


J Total 


186 


160/43 


30/08 97/26 


11/03 


74/20 


372 




Frequency of Use of Strategies by Cognitive Level, Category, and 
' 'Grade for All Level C Tasks 





N 


_ Direct 
modeling 

tlx 


Routine 
Counting mental op, 
fix ' f/% 


.Nonroiitine 
mental op, 

" f/% 


Inapprop . 

f/% \ 


Trials; 








Grade 


1 








f -s\ / 
^Cognitive Level 












- 




1 


54 


35/32 

j 


0/0 




0/0 


71/66 


108 ;. : 


i '• 2 


« 42 


36/43 


14/17 


3/04 


2/02 


29/34 


84 


1 3 * 

• ; 4 


18 


15/42 


2/06 


0/0 V 


0/0 


19/53 


36 


f; 5,6 

vj" . Total 


114 


! 

86/38 

i 


• 

16/07 


* 

5/02 


' * 
* 2/01 


* 

119/52 


228 








Grade 


2 








^ 1 


36 ' 


/l5/21 


1/01 


0/0 


0/0 


56/78 


• 72 


:t 2 


114' 


/ 116/51 


* 

23/10 


19/08 


> 

6/03 


64/28 


228 


3 

* 4 


36 

1 


j 16/22 


26/36 


5/07 


20/28 


5/07 


72 


5,6 
















Total 


186 


147/40 


50/13 


24/06 


26/07 


125/34 * 


372 


> 






Grade 


3 








1 
















: - n 2 


72 


14/10 


45/31 . 


37/26 


19/13 


29/20 


144 


3 


144 


39/14 


102/35 


100/35 


18/06 


29/10 


288 • 


I ' 4 


132 


30/11 


79/30 


92/35 


38/14 


25/09 


264 


^ERIGi 


126 
474 


. 32/13 
115/12 " 


10J/40 
327/34 


105/42 
334/35 


14/06 

77 

1 • 89/09 


0/0 
83/09 


252^ 

948 , z - 



strategies by grades; there is still a significant difference between 
. use of inappropriate, strategies and cognitive level of the students. 
Also, from first to third grade, there is a reduction in use of direct 
modeling strategies' and an increase in the use of counting skills and 

9 \ t 

routine mental operations. These are overall changes not restricted to 
cognitive level. Thus, while there is -a distinct effect due to grade, 
the effect due to cognitive level is still very strong.' 

In Summary ' 

There are important variations in strategies used due to problem 
set (size of number), to specific tasks, to* instruction over time, and 
to grade. Yet, what is clear from air these data is that children who' 
have been identified as having different cognitive, processing capabilitie 

r - 

I 

consistently use different strategies on these addition and subtraction 
tasks regardless of the other important factors* 

.1 !:_./ _ 

, / / , 

\ 



/ 

78 

I 
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Appendix A 
BASIC PERCENT CORRECT ' TABLES 
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Frequency 



Appendix Al . # . J ^ 

Task 1 Joining (+) 

ana Percent Correct by Cognitive Level, Task Level <*s »->. Grade, and Interview 



Grade 1 



3f 



N f/Z f/X 



Total 

f/X Trials 



1 

2 ' 
3 

Total ' 



1 
2 
3 

Total 



Interview 1 



Cognitive Level, 

' i 3 3/100 2/6? - 

2 3 .2/67 2/67 

3 • 1 1/100 1/100 
Total 7 6/86 5/71 



Interview 2 



3 
2 
1 
6 



° 3/100 


2/67 


5/83 


6 


1/50 


1/50 


2/50 


'4 


1/100 


1/100 


2/100 


2 


5/83 


4/67 


9/75 


12- 



Interview 3 



3 


3/100 


3/100 


6/100 


6 


2 


2/100 


. 2/100 


4/100 


4 


1 


1/100 


1/100 


2/100 


2 


6 ' 


6/100 


6/100 


12/100 


12 





0 



Grade 2 



B+ 



N f/X f/X • 



Total 

f/X Trials 



5/83 


6 


2 


1/50 


1/50 . 


2/50 


4 


■4/67 


6 


6 


5/83 


5/83 


10/83 


12 


2/100 


2*. 


2 


2/100 


2/100 


4/100 


4 


11/78 ■ 


14 


10 


8/80 


* 8/80 


16/80 


20 

c 



2 


1/50 


2/100 ' 


3/75 


4 


7 


7/100 


7/100- 


14/100 


14 


2 


2/100 


2/100 


, 4/100 


4 


11 


10/91 


11/100 


,,21/95 

% ■ 


22 




2 


2/100 


0/0 


2/50 


4 


6 
2 


6/1(0 


4/67 


10/83 


12 


2/100 


2/100* 


4/100 


4 


10 


10/100 


6/60 


16/80 


20 




Appendix A2 
Task 2 Separating 

Frequency and Percent Correct by Cognitive Level, Task Level B-) v Grade, and, Interview 



Grade 1 



Grade 2 



* N f/Z * f II 

~~ i * 



Total 



.f/Z 



• Trials 



f/Z 
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Appendix A4 
Task 4 PFW (+) 
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Appendix A5 
Task 5 Comparison, (-) 
and Percent, Correct by Cognitive Level, Task Level B-), Grade, and Interview 
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4 Appendix A6 

Task 6 Joining, missing addend '(-) 
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Appendix A8 
Task 2 Separating (-) 
Frequency and Percent Correct by Cognitive Level, Task Level (C+> C-), Grade, and Interview 
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Appendix A9 
Task 3 PPW, nissing addend -(-) 
Frequency and Percent Correct by Cognitive Level, Task Level <C+, C-), Grade, and Interview 
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Appendix A10- * 
Task 4 PPW (+) 

Frequency and Percent Correct by Cognitive Level, Task Level <C+, C-), Grade, and Interview 
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Appendix C 
CODES AND STRATEGY CATEGORIES 
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BC CODES 



Models 

C Cubes 

1 F Fingers 

N No Action 

0 Other 
Strategies 
CS - Count On From Smaller 

CL Count On From Large:* 

S Subitizing 

CA Count All 

F Separate From 

T Separate To 1 

MA Match 
f AO . Add On 

DF Count Down From 

UG Count Up From Given 

DT Count Down To 

HU Heuristic 

#F Number Fact 

GU Guess * 

? Confused 

UN Uncodable 

GI Given Number 

OP Wrong Operation 
Errors 

| e f 

M Miscount 

F Forgets Data 
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BC, STRATEGY CATEGORIES' 



1, t Di rect Modeling 

CA, F, T, MA, AO 

2. ' Use of Counting 

CS, GL, DF, UG, DT 

3, Routine. Mental Operation 
#F 

4. Non-routine Mental Operation 
' S, HU 



5. Inappropriate 

GU-, ?, UN., GI, OP 
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DE CODES 

MOtiel 8 

C V Cubes 
F Fingers 

ttf Horizontal Addition Sentence 

V+ * Vertical Addition Sentence 
N No Action 

T ' * Tallies 

H~ Horizontal Subtraction Sentence 

V- . Vertical Subtraction Sentence 
0 . Other 
P Picture 
B Organizing Box 

$ Number 
Strategies 

CS ^ Count On From Smaller 
CL Count On prom Larger 

S . Subitizing' 
CA m Count All 
F Separate From 

T .Separate Jo . 

MA' Match 
AO y Add' On 

Count Down From 
DT Count Down 'To 

; UG } . Count Up From Given 
HU Heuristic 
.#F t Number Fact * 
GU Guess 

GI v Given. Number ' / 

0? Wrong ' Operation 

AL - Algorithm 
AA Additive Algorithm 

1 AL/OP. Algorithm/Operation 
AA/OP Additive Algorithn/Oiieration 
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Strategies (continued) 

QCS. Quasi-heuristic CS 

QCL Quasi-heuristic CL 

QCA Quesi-heuristic CA 

QDF Quasi-heur 1st ic DF 

QDT Quasi-heuristic T>? 

' v QtfG Quasi-heuristic UG 

"UN Uncodable 

? Confused 
Errors 

M Miscount 

F Forgets Data 

S Wrong Sentence ' 

A Wrong Analysis 

BG Computational Error 

CO Basic Fact Error 

R Representational Error 
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DE STRATEGY CATEGORIES 



1. Non-sentence/direct modeling 
1 CA, P, AO, MA, T 

2. Non-sent enc e Icq unt Ing , 
CS, CL, DF, DT, UG- 



3. Non-sentence/routine mental operation 
0F, AL, AA » 



4. Non -sent ence/ non-rout ine mental oper ations 
H, QCS, QCL, QCA, QDF, QDT, QUG 

7 t 

5# " Non-sentence/ Inappropriate 

GU, GI f CP, iL/OP, AA/OP, UN, ? 

6, ^ Correct H±; V± seal t enc e/algo^thmic 

AL, AA 

7, ' Correct' H± JUm V± sentence/nQn-al^orithmic 

any strategy except AL or,AA 

8» Incorrect sentence / 
any strategy 
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